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Abstract 
 
Autism is characterized by difficulties in social interaction, 
communication, restrictive and repetitive behaviours and specific 
impairments in emotional processing. The present study employed 
The Autism Spectrum Quotient (Baron-Cohen et al. 2006) to quantify 
autistic traits in a group of 260 healthy individuals and to investigate 
whether this measure is related to the perception of facial emotional 
expressions. The emotional processing of twelve participants that 
scored significantly higher than the average on the AQ was compared 
to twelve participants with significantly lower AQ scores. Perception 
of emotional expressions was estimated by The Facial Recognition 
Task (Montagne et al. 2007). There were significant differences 
between the two groups with regard to accuracy and sensitivity of the 
perception of emotional facial expressions. Specifically, the group 
with high AQ score was less accurate and needed higher emotional 
content to recognize emotions of anger, disgust, happiness and 
sadness. This result implies a selective impairment that might be 
helpful in understanding the psychopathology of autism spectrum 
disorders. 
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Introduction 
Interpretation of emotional states of others is essential for 
establishing normal interpersonal relationships. Facial expressions 
convey very strong non-verbal cues of emotional states and their 
perception and interpretation is crucial in social interactions. Many 
psychiatric and neurological disorders are accompanied by impaired 
emotional processing (Lembke and Ketter, 2002; McClure, Pope, 
Hoberman, Pine, & Leibenluft, 2003; Green, Turner, & Thompson, 2004; 
Venn et al., 2004; Montagne, Kessels, Wester, & de Haan, 2006a). 
Depression or social anxiety, for instance, are known to disrupt the 
perception and memory of emotional cues, causing a lower sensitivity for 
the negative facial expressions of anger and disgust (Montagne, 
Schutters, Westenberg, Kessels, & de Haan, 2006b). 
Autism is a disorder characterized by specific impairments in 
social interaction, communication and restrictive and repetitive, 
stereotyped behavior (American Psychiatric Association, 2000). These 
deficits have been repeatedly demonstrated in previous research and in 
clinical practice (e.g. Baron-Cohen, Tager-Flusberg & Cohen, 1993; 
Dawson, Meltzhoff, Osterling, Rinaldi & Brown, 1998). With regard to 
their possible origins, there is evidence that autism is related to early 
dysfunction of brain areas responsible for social cognition and emotional 
processing (Baron-Cohen, et al., 1999; Dawson, 1996). In particular, 
amygdala has been related to an altered emotional function in autism, 
having not only atypical function, but also some structural differences 
compared to non-patients. In support to this argument, Kleinhans et al. 
(1999) showed a reduced effect of adaptation in the amygdala of autistic 
individuals due to repeated exposure to faces. The observed lack of 
adaptation to faces (or the hyperactivity of amygdala, as the authors refer 
to it) might be an important clue for the deviating processing of faces in 
autism and used as evidence that autistic people do not treat faces 
differently than other objects (Rosset et al., 2008). In specific, the ability 
to use or understand facial information is claimed to be an important 
deficit in autism (Baron-Cohen, 1993; Frith, 1989) with emotional 
functional deficit as a consequence. Hence, these impairments are often 
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assumed responsible for distinctive disorders in emotional processing, 
such as interpreting emotional expressions.  
A number of studies provide evidence that the processing of basic 
emotions is indeed altered in autism (Bolte & Poustka, 2003; Celani, 
Battacchi, & Arcidiacono, 1999; Davies, Bishop, Manstead & Tantam, 
1994), however, other studies have failed to find such decline (Baron-
Cohen, Jolliffe, Martimore, & Robertson, 1997; Grossman, Klein, Carter, 
& Volkmar, 2000; Ogai et al., 2003). One possible explanation for this 
inconsistency might be related to the employed stimuli: Frequently used 
(static) pictures of fully expressed emotions might have resulted in 
ceiling effects and thus were not sensitive enough to detect difficulties in 
emotional processing. Cartoon-like presentations of facial expressions 
usually contain exaggerated representations of emotions, and autistic 
children seem to process this information in a very typical way, similar to 
controls (Rosset et al., 2008). However, when it comes to real faces, there 
are noticeable differences. Hence, more subtle emotional facial 
expressions might reveal possible differences in the processing of 
emotions. Recently,  Montagne, Kessels, De Haan, & Perrett, (2007) 
developed a novel test for estimating the accuracy and sensitivity of 
emotional processing, the Emotion Recognition Task (ERT). This test 
makes it possible to estimate emotional processing at different levels of 
facial emotional expressions and it is more sensitive for possible subtle 
differences in processing. Moreover, because the test involves dynamic 
presentations, it is likely more ecologically valid compared to static 
presentations, as it involves more realistic presentations of emotions. 
The current study examined the recognition of emotional facial 
expressions in individuals with a high Autism-spectrum Quotient (AQ, 
Baron-Cohen et al. 2006) score. These are healthy individuals who share 
common characteristics with people diagnosed with autism. The 
perception of what are generally agreed to be the six basic or universal 
emotions: anger, disgust, fear, happiness, sadness and surprise (Ekman, 
1999), was examined,  both in terms of accuracy and the sensitivity. 
Because of frequently observed impairments in emotional processing in 
individuals with autism, a decline in the accuracy and sensitivity of the 
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recognition of these emotions was expected to be observed in the 
individuals scoring high on the AQ. 
 
Methods 
 
Participants 
Two hundred sixty students from the undergraduate programs at 
the International University of Sarajevo took part in the current study. 
The study has been carried out in accordance with the ethical standards 
laid down in the 1964 Declaration of Helsinki. Participation was 
voluntary and all the subjects gave their informed consent prior to the 
inclusion into the study. 
 
Autism-spectrum Quotient  
To quantify the amount of autistic traits in a group of 260 
students, the Autism-spectrum Quotient (Baron-Cohen et al. 2006) was 
employed. The AQ was published in 2001 by autism expert Simon 
Baron-Cohen and his colleagues at the Autism Research Centre at the 
University of Cambridge. The test consists of fifty statements, each with 
four (forced) choices to indicate whether subjects ‘definitely agree’, 
‘slightly agree’, ‘slightly disagree’, or ‘definitely disagree’ with each 
statement. Eighty percent of people with Asperger syndrome has a score 
between 32 and 50, while in a control group only two percent of people 
got that score. The scales of the test include willingness of adequate 
social interaction and interest, the degree of repetition, attention to detail, 
degree of empathy and imagination. The distribution of the participants’ 
AQ scores in the present study resembled normal, with the average score 
of 14.95 (SD 5.45). 
 
Emotion Recognition Task 
Twelve participants with a score well above the average AQ score 
(29 ± 3.5) and equal number of students that scored significantly below 
the average (6 ± 2.3) were selected. There were no significant differences 
in age between the two groups. The participants performed The Emotion 
Recognition Task, a computer task used to evaluate the emotional 
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processing i.e. the recognition of emotional facial expressions, developed 
by Montagne et al. (2007). Colour pictures of the faces of four actors 
(two males, two females), who posed six emotional expressions (anger, 
disgust, fear, happiness, sadness and surprise) and a neutral face, were 
utilized to create computer-generated morphs of 19 intermediate images 
between a neutral face (0% emotion) and a full-blown expression (100% 
emotion). The task was developed from algorithms designed by Benson 
and Perrett (1991). In the morphed images, both the dimension of shape 
and texture underwent gradual transitions. These images were used to 
construct short video clips that incrementally increase in the degree of 
intensity of the expression by 10% steps. For each actor, and each of the 
six emotions, there were nine video clips (0-20, 0-30, 0-40, 0-50, 0-60, 0-
70, 0-80, 0-90, 0-100%; Fig. 1). 
 
Figure 1. The Emotion Recognition Task shows (A) the gradual transition from neutral 
(0%) to the full-blown emotion of happiness (100%) in steps of 20%, and (B) the 
gradual transition from neutral (0%) to the full-blown emotion of anger (100%) in steps 
of 20%. 
 
Benton Facial Recognition Test 
The short form of the Benton Facial Recognition Test (Benton et 
al., 1994) was administered to assess perception of neutral faces. This test 
is able to detect possible generalized disorders of face perception and it 
consists of a booklet with a single target face on each page, and below it, 
a set of six faces. In the first six trials, an identical face has to be selected 
among five decoys. In the remaining 7 trials, three different views 
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(changed in orientation or lighting conditions compared to the target 
photograph) have to be distinguished from three incorrect alternatives. 
The faces are unfamiliar and physically similar, without spectacles or 
facial hair. The maximum number of correctly identified faces is 27. 
 
Beck Depression Inventory (BDI) scores 
The BDI (Beck et al., 1961), a 21-item self-report questionnaire, 
was used to measure the presence and the intensity of depressive 
symptoms in the participants. 
 
Procedure 
Each participant completed the AQ prior to The Emotion 
Recognition task. The task started with four practice trials, followed by 
the main experiment. The clips entailing morphed images of emotional 
expressions were presented in an incremental order, starting with 20% 
intensity levels and ending with a 100% expression. Thus, subjects first 
saw the 24 presentations of the lowest level of emotional expression (0-
20%), followed by the second set of 24 trials with video clips from 0% to 
30%, and so on until they reached the final sequence of clips in which the 
neutral face changes into a full-blown expression. Within each level, the 
order of presentation of emotions and actors was randomized. On each 
trial, subjects were required to make a forced choice between one of six 
emotional expression labels that were displayed on the screen during the 
time of presentation. The duration of the animation in the video clips 
varied between approximately 0.5 sec (low intensity) and 2 sec (high 
intensity). The moving expressions were created in an artificial manner 
but appear very similar to natural expressions. After the animation, the 
last frame remained on the screen until the subject made a response, at 
which time the new trial was automatically initiated. In total each 
participant performed 216 trials. There was no time restriction. The 
procedure was identical for both groups. 
 
Results 
The performance of 12 students with high AQ scores on The 
Emotion Recognition Task was compared to the performance of 12 
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students of low-score group. The study used a mixed-factor design, with 
the group as a between subjects factor with two levels (high AQ group 
vs. low AQ group), and two within-subjects factors: The type of emotion 
(with six levels: anger, disgust, fear, happiness, sadness, surprise) and 
emotion intensity (with nine levels 0-20, 0-30, 0-40, 0-50, 0-60, 0-70, 0-
80, 0-90, 0-100%).  
Control tasks 
There were no significant differences between the groups with 
regard to BDI scores (p = 0.86). In addition, the short form of the Benton 
Facial Recognition Test did not reveal significant differences between the 
high and low AQ groups with regard to the perception of neutral faces. 
The accuracy and sensitivity of emotion perception 
Two different measures were used to estimate subjects’ 
performance; accuracy and sensitivity. Recognition accuracy was defined 
as the percentage of correct answers for each emotional expression at 
each intensity level. Perceptual sensitivity for a specific emotion was 
defined as the level of emotional intensity that was required for the 
correct identification of this emotion. The perceptual sensitivity measure 
was calculated as the percentage of required intensity from which level 
onwards the emotion was consistently correctly identified. 
Increased intensity of emotional expression resulted in a higher 
recognition rate of all emotions in both groups, although the slopes differ 
between individual emotions (Figure 2). The percentage of correct 
answers for each emotional expression at each intensity level was 
analyzed with a 9 X 2 repeated measures analysis of variance (ANOVA), 
general linear model (GLM) with group (high AQ group vs. low AQ) as 
between-subject variable and intensity level as within-subject variable. 
Overall, the accuracy fluctuated for different emotions (F(5, 19) = 18.39, 
p < .001). Most accurate recognition performance was observed for the 
emotion happiness (significantly more accurate than all other emotions; 
all F-values > 19.09, p < .001), followed by anger, disgust and surprise. 
Montagne et al. (2005) also found the lowest thresholds for happiness, 
and the highest for fear and sadness. There were significant differences 
between the high and low AQ groups with respect to the two measures 
(Figure 3). The high AQ group was less accurate (F(5, 19) = 27.05; p < 
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.001) and on the average required more expression in the face to correctly 
identify the emotions of anger (F(1, 22) = 8.30; p < .001), disgust (F(1, 
22) = 15.06;  
p < .001), happiness (F(1, 22) = 5.68; p = .02), and sadness (F(1, 22) = 
9.63; p < .001). The observed pattern is consistent with the results of the 
accuracy measure and in line with previous findings. 
Figure 2. The accuracy of recognition plotted for all levels of emotional intensity (x-
axis, levels 1-9 represent 20-100% emotional content in the face). A general trend for all 
emotions is an increase in the recognition rate associated with an increase of the 
emotional content. In the high AQ group, emotions of anger, disgust, happiness and 
sadness have a lower recognition rate compared to the low AQ group. 
Figure 3. The accuracy of responses for the two groups (a) and the level of emotional 
content necessary to correctly identify each emotion (b). The pattern resembles the 
findings in previous studies, the emotion of happiness requiring lowest amount of 
emotional content to recognize it correctly while the emotion of fear is most difficult to 
identify. There are significant differences between the two groups for the emotions of 
anger, disgust, happiness and sadness. Error bars represent 1 SE. 
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Discussion 
The current study investigated the recognition of facial emotional 
expressions in people with high Autism-spectrum Quotient. The findings 
showed a decreased sensitivity for the emotions of anger, disgust, 
happiness, and sadness. The high AQ group needed more intense 
emotional expressions compared to the group that had low AQ-scores to 
correctly identify the facial emotions. In addition, a reduced accuracy 
was also observed in the high-AQ group for the same emotions, anger, 
disgust, happiness, and sadness. 
The findings of the present study are in accordance with previous 
studies that showed impaired recognition of fear, disgust and sadness in 
other patient populations with disorders in the area of affective 
functioning (Montagne et al., 2005, 2006a, 2006b; Poljac, Montagne & 
de Haan, 2010), as well as with the findings of Law Smith, Montagne, 
Perret, Gill, and Gallagher (2010) showing different recognition of 
disgust, anger and surprise. Impaired processing of the emotion of disgust 
has been previously reported in adults with Autism spectrum disorders 
(Ashwin, Chapman, Colle, & Baron-Cohen, 2006; Ellis & Leafhead, 
1996). Beside the shared characteristics of the high AQ score group and 
autistic individuals, a number of possible alternative explanations of the 
findings must be discussed. 
First, deficits in basic face processing can certainly influence the 
perception of emotions in faces. The neural systems that mediate face 
processing develop very early in life. Babies already respond differently 
to familiar faces. Responses (ERP’s) to familiar and unfamiliar faces of 
children with autism do not differ, which indicates an impaired ability to 
process faces (Dawson, Webb, Carver, Panagiotides, & McPartland, 
2004). However, the observed compromised performance in the high AQ 
group in this study is most likely not related to basic deficits in the 
perception of faces, as both groups had normative scores and did not 
differ on the Benton Facial Recognition Test.  
Another possible cause of dissimilar processing of emotional 
expressions might be sought in the level of general cognitive functioning. 
The ability to recognize emotions usually correlates with general 
cognition (Mathersul et al., 2009). Montagne et al. (2005) observed a 
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relationship between cognitive performance and the performance on The 
Emotion Recognition Task in post-stroke depression (PSD) patients. A 
number of studies have linked autism with impairments in cognitive 
functioning, in particular with impairments in the area of social 
cognition. For instance, in their recent study Coutureet al. (2010) show 
that individuals with high-functioning autism were impaired on a variety 
of social cognitive tasks relative to the non-clinical controls. 
Deficits in social cognition are frequently related to a deficient 
theory of mind (ToM), but also to problems detecting emotions in social 
stimuli, which in turn has been identified as likely contributor to social 
dysfunction (e.g. Muris et al. 1999; Couture et al. 2006; Crespi & 
Badcock, 2008). ToM theory predicts that individuals with ASD have 
difficulties processing emotional expressions that require the ability to 
represent the mental states of others (Baron-Cohen et al., 1993). Baron-
Cohen, Spitz, and Cross (1993) used this theory is to explain difficulties 
amongst children with ASD in processing the expression of surprise. 
Impaired perception of basic emotion perception in particular correlates 
to higher-order ToM tasks (Baron-Cohen, O’Riordan, Stone, Jones, & 
Plaisted, 1999; Kaland et al. 2002; Brune, 2005).  
Although cognitive functioning was not assessed in the present 
study, this is an unlikely explanation for the observed dissimilarities, 
because the two groups did not differ in their abilities to detect facial 
identity in the Benton task (a cognitive task) and it is difficult to see why 
cognitive decline would result in a selective problem for anger, disgust, 
happiness and sadness. On the other hand, perception of facial 
expressions is believed to occur independently from other aspects of face 
processing (De Haan, 2002; Hargrave, Maddock, & Stone, 2002). 
Patients with prosopagnosia have difficulties in identifying faces, but 
their recognition of emotions may remain intact (Stephan, Breen, & 
Caine, 2006). The selective disruption of the ability to identify certain 
emotions has been described before (McClure et al., 2003; Venn et al., 
2006). For instance, patients with damage to the amygdale may be 
impaired in the perception of anger and fear, while insular lesions appear 
to selectively affect the recognition of disgust (Adolphs et al., 1994). 
There is now converging evidence from neuroimaging studies suggesting 
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separate neural substrates underlying the recognition of different facial 
(emotional) expressions (Phan, Wager, Taylor, & Liberzon, 2002). 
Selective deficits have also been observed in psychiatric populations, 
such as the social anxiety disorder, which is characterized by an 
attentional avoidance of angry facial expressions (McClure et al., 2003). 
Anatomical differences (and their functional consequences) represent 
another possible cause of the different performance of the present study 
found for the specific emotions. As there are no anatomical data for the 
participants, it is speculative, yet not unreasonable to suggest a role for 
the amygdala. Impaired processing of emotions is commonly attributed to 
limbic system, in particular the basal ganglia, amygdale, the insula, the 
cingulate, and the medial frontal lobe (Frewen, Dozois, Neufeld & 
Lanius, 2008; Dolan, 2009). Altered amygdala activity has also been 
observed in other types of disorders, such as psychopathic individuals. 
Amygdala damage has been associated with a selective impairment of 
fear recognition (Rauch et al., 2006), and Venn et al. (2006) refer to a 
number of studies in support of a possible link between the amygdala and 
sadness perception.  
Even though participant’s emotional state can influence the 
perception and interpretation of facial emotional expressions, it is 
unlikely that the found differences are related to differences in emotional 
state in this study. Montagne et al. (2005) showed decreased overall 
accuracy in the recognition of facial expressions in people with 
depressive symptoms after a stroke. However, the BDI scores for the two 
groups were similar, and in addition, the pattern of performance with a 
selective deficit for certain emotions and not for others has not been 
related to emotional state (depression for instance, Montagne et al. 2005).  
The present findings may possibly have significant clinical 
implications. The assessment of emotion perception could become a 
clinically useful additional tool to neurocognitive assessment of autistic 
patients. Impairments in affective processing in Huntington disease (HD), 
such as deficit in the recognition of disgust, have been observed even in 
the pre-symptomatic stage when motor deficits are not yet present 
(Speedie, Brake, Folstein, Bowers, & Heilman, 1990). A similar 
suggestion for the measurement of facial expression perception as a 
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useful tool for assessing the efficacy of antidepressant treatments was 
made by Venn et al. (2006). The high AQ individuals show a very 
specific emotion recognition deficiency that might be characteristic 
pattern for autism related disorders. If this is true, then the emotion 
recognition task may be a useful tool for assessing the possible existence 
of autism, when other symptoms or instruments cannot provide clear 
answers. Moreover, the observed differences were identified at lower 
levels of emotional intensity, but when the emotion was fully displayed 
in the face, these differences were not present anymore. This means that 
ERT is a very sensitive for detecting subtle differences at lower intensity 
levels. In addition, this tool could be used to improve prognostic models 
for individual differences in treatment outcome of patients with autism.   
In sum, the current study demonstrated that a decreased 
sensitivity of individuals with a high AQ score for the emotions of anger, 
disgust, happiness and sadness, as well as lower accuracy for these 
emotions, as perceived from facial expressions. This selective 
impairment might be helpful in trying to understand the psychopathology 
of autism spectrum disorders. In addition, the Emotion Recognition Task 
might be used in the clinical practice for assessing autism and as well as 
the development of more detailed prognostic models.  
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